A BALANCED DIET, including normal intake of essential amino acids, carbohydrates, essential fatty acids, vitamins and minerals, is important to maintain health and a sensible body weight. However, nutritional needs vary from one life stage to another. The scarcity or excessive intake in any of these substances could disturb the nutritional and metabolic homeostasis of the body and lead to increased risk for several pathologic conditions. Thus, dietary modification presents a powerful means by which we can minimize or prevent the onset of several risk factors for different dis- Abstract. We report the dietary intake of selected nutrients in apparently healthy adults and children and its correlation with circulating levels of serum leptin and resistin. In this observational study, 47 Saudi children (mean age 13.1 ± 2.8 year) and 47 adults (mean age 45.7 ± 10.5 year) were recruited. Anthropometric data and lipid profile were obtained. Food intake was assessed by a food questionnaire and a 24-hour diet recall method. The dietary intake of selected nutrients was compared with the estimated average requirement (EAR) or adequate intake (AI) for establishing nutritional status. Results demonstrated that the levels of choline and calcium intake were significantly lower than the EAR in adults (p= 0.01 and 0.04, respectively) and relatively low in children. The level of manganese in adults was significantly higher (p= 0.02) than their AI level. The increasing levels of dietary vitamin B6 and B12 were associated with a significant increase in serum concentrations of leptin in adults and children (p=0.02). Overall, the dietary intakes of selected nutrients in Saudi adults and children were not adequate with most of them below cut-off EAR values except for essential amino acids.
eases. In the Arab Middle Eastern countries, a rapid increase in the prevalence of obesity, diabetes type 2, and hypertension has been observed in adults and children, mainly adolescents [1] .
Adipocytokines, proteins secreted by adipose tissue, are responsible for balancing and regulating several physiological processes and functions, including food and energy homeostasis, insulin sensitivity, blood pressure regulation, and blood coagulation [2] [3] [4] [5] . For example, the protein leptin is a satiety adipocytokine that regulates appetite and energy balance of the body, and is associated with increased body weight [6, 7] , while increased resistin concentrations might cause insulin resistance and may thus link obesity with diabetes [8] .
There are several studies relating dietary intake of macronutrients as factors affecting circulating adipocytokine concentrations in the general population including all ages and both genders [9] [10] [11] . However, stud-tiple assay kits, which include pre-mixed and fully customized panels that utilize the LuminexxMAP technology platform (Luminexcorp, Austin, TX, USA).
Assessment of dietary intake
Dietary intake was assessed using a 24-hour food recall method and food frequency questionnaire [12] . To ensure validity, reliability and reproducibility, a face-to-face standard interview was conducted with the subjects instead of the conventional self-administered questionnaire. The interview was conducted by a trained dietitian. Dietary intakes of amino acids, vitamins, minerals, macro-and micro-nutrients were entered and analyzed for nutrient content using a computerized food database (US Department of Agriculture Health Tech Software Search and the Food Composition for the Middle East) [13] . In case the above database fell short of composition data regarding few traditional local foods, it is accompanied by other local study [14] . The American database was used instead of the Canadian one because vitamin A was expressed in retinol activity equivalents (RAE), the unit of measure used in Dietary Recommended Intakes (DRIs) .
Dietary adequacy was assessed for most of the nutrients and amino acids using the EAR cut-off point method [15] [16] [17] [18] [19] . This model has been proposed by the Institute of Medicine (IOM, USA) and can be used for calculating the proportion of subjects whose intake is below the EAR. However, this method cannot be applied in the case of nutrients that do not have EAR values [20] . The adequate intake (AI) values are used for parameters for which EAR is not available.
Statistical analysis
Data were analyzed using SPSS for Windows version 16.5 (SPSS, Chicago, IL, USA). Data were expressed as Mean ± SD and Median (interquartile range). Independent Student t-test was employed to compare means of normally distributed data. Spearman correlation between the variables was determined. All fatty acids and adipocytokines were logarithmically or square root transformed to normalize data before correlations and statistical analyses were performed. Statistical significance was set at P <0.05. Power calculation was implemented in G*Power 3.1.3. A power analysis was performed to estimate the sample size required to detect a correlation between Vitamin B6, Vitamin B12 and cytokine concentrations with an r s ranging from 0.32 to 0.42. With 80% power, and ies considering the effect of dietary intakes of vitamins, amino acids, nutrients and trace element are scarce. In an attempt to fill this gap, the aim of the present study was to compare the dietary intake of nutrients, vitamins, and minerals in adults and children with the estimated average requirement (EAR). In addition, we investigated the effect of dietary nutrients and amino acid intake on serum concentrations of leptin and resistin.
Materials and Methods

Subjects
In this cross-sectional study, a total of 94 (47 adults and 47 children) apparently healthy Saudi volunteers, aged 9-70 years were recruited from four Primary Health Care Centers (PHCCs) within Riyadh, Saudi Arabia. Those subjects with uncontrolled glycemic status (glycosylated hemoglobin (HBA1c) >6.), morbidly obese (body mass index (BMI) >35 kg/m 2 ), with hepatic and/or renal dysfunction or with acute co-morbidities, were excluded from the study.
Written informed consent was obtained prior to the study. Assent was taken from subjects who were 9-13 years old. Ethical approval was granted by the College of Science's Ethics Committee, King Saud University, Riyadh, Saudi Arabia.
Anthropometrics and samples collection
A structured questionnaire was used to collect information from subjects on age, family history, medical history, medications, and usual dietary habits. Physical examination was also performed.
The subjects were requested to visit their respective PHCCs for anthropometry and biochemistries after an overnight fast (>10 h). Anthropometrics included height (rounded off to the nearest 0.5 cm), and weight (rounded off to the nearest 0.1 kg). Body mass index (BMI) was calculated as weight in kg divided by the height in squared meters. Fasting blood samples were collected and transferred immediately to a non-heparinized tube for centrifugation. Collected serum was then transferred into a pre-labeled plain tube, stored in ice and delivered to the Biomarkers Research Program (BRP) laboratory in King Saud University, Riyadh, Saudi Arabia, on the same day of collection for immediate storage at -20°C freezer pending analysis.
Biochemical analyses
Serum leptin and resistin were quantified using mul-bohydrate intake between male and female groups. However, the overall level of resistin was significantly higher in adults than in children (p < 0.05; Table1).
Dietary intake of selected nutrients
The study sample values for EAR, AI, and tolerable upper intake level (UL) of the selected nutrients along with percentage of subjects that were below recommended EAR level are also presented in Table 2 . In chil-α of 0.05, we calculated that we would need samples ranging from 41-76 subjects for this purpose.
Results
Demographics and adipocytokine levels
The basic characteristics of the study population are presented in Table 1 . No significant difference was found for age, BMI, energy, fat, protein, and car- (10) (11) (12) (13) (14) ; M/F: male/female below their UL intake ( Table 2) . Phosphorous in children was close to its EAR value with a mean of 1035.8 ± 153.7 mg but in adults it crossed the adequate level of 580 mg to a mean level of 1335.7 ± 158.8 mg, which is far above its EAR value ( Table 2 ). The selenium mean values (212.5 ± 25.5µg and 164.8 ± 25.2µg in adults and children, respectively) were greatly higher than their respective EAR values ( Table 2 ). The dietary intake of sodium was higher than that of AI values of 1.5 g in adults and children. In addition, there was an inadequate dietary intake of vitamin A and vitamin E, which were lower than EAR. Nevertheless, thiamine, riboflavin and niacin values were higher than EAR (Table 2) .
Interestingly, a significant correlation was found between the serum concentration of leptin, but not resistin, and the dietary intake of vitamin B6 and B12, in adults and children ( Table 3) .
The comparative data of indispensable amino acids revealed that the intake level of all amino acids is higher than their respective EAR values in both adults and children (Table 4 ). The level of branched chain amino acids (BCAA) leucine, isoleucine and valine levels were highest with mean value of 62.8 ± 2.3, 36.6 ± 2.3, and 41.8 ± 2.3 mg in adults and 94.8 ± 2.4, 54.5 ± 2.4, and 63.1 ± 2.4 mg in children respectively.
Discussion
According to the WHO health report on Saudi Arabia, age-groups including preschool and school children are affected by unhealthy dietary habits while adolescents and women of reproductive age are dren, the mean choline and calcium intakes of 127.7 ± 3.2 mg and 507.4 ± 49 mg, respectively, are far below their AI and EAR. Similarly, adult values were significantly low with 73.4 ± 3.0 mg for choline and 384.8 ± 40.9 mg for calcium (Table 2 ). However, in both adults and children copper and manganese mean values of 1600 ± 0.38 µg, 1100 ± 0.31 µg and 4.9 ± 0.97 mg 3.2 ± 0.78 mg were higher than EAR and AI values, but far Mager et al. have shown that the estimated mean requirements of the total BCAA in school children aged 6-10 years old determined by Indicator Amino Acid Oxidation (IAAO) method is significantly higher (~48%) than the current FAO/WHO/UNU and DRI recommendations [34, 19] . Another study conducted by Riazi and co-workers on healthy young adults showed a higher mean population requirement for BCAA than established by FAO/WHO/UNU [35, 36] . The higher dietary protein intake is shown to be valuable for satiety and reduced net food intake [37, 38] .
Conclusion
The present study indicates that the dietary intake of selected nutrients by an apparently healthy Saudi population is imbalanced. This seems to be particularly true for choline, calcium, phosphorous and manganese in adults compared to children. Since UL values for amino acids are not well-established, the level of dietary amino acid intake should not far exceed EAR upper range.
Furthermore, the relations between serum leptin and resistin levels and vitamins/nutrients need to be further evaluated.
the main groups vulnerable to malnutrition [21] .
It is also noteworthy that due to modernization of Saudi Arabia, increased use of high levels of fat, free sugars, sodium, and cholesterol became much more common in the daily dietary pattern [22, 23] . The unhealthy dietary habits, food composition and consumption of fast food are a well established medium for the high incidence of obesity and overweight [24, 25] .
A survey to assess the nutritional status of school girls (12 to 19 year-old) in Jeddah, showed a higher intake of protein while the level of fat and iron intake were on the borderline or a little lower than the RDA. The other nutrients like calcium, vitamin A and vitamin C intakes were also lower than the RDA [26] .
The food composition tables in the Arab region reported high sodium content in the diet [27] and this is supported in the present study which showed a high sodium intake level in both children and adults above the adequate intake and reaching almost to UL that could pose health problems in future if not controlled (Table 2) .
Information on the roles and relations between vitamin B (either B12 or B6) and adipocytokines, such as leptin and resistin, is also scarce. One study revealed that the increased prevalence of obesity and diabetes for the past 50 years is strongly correlated with increased daily per capita consumption of niacin, thiamin and riboflavin or high level of B vitamins [28] . This is probably because B vitamins are known to increase appetite [15] , possibly leading to weight gain and/or obesity and hence, indirectly increasing leptin levels. The circulating levels of leptin have been shown to be influenced by amount of body fat, with higher levels in obese than in lean individuals [29] . However, conflicting findings are reported for leptin concentration differences with similar fat mass [30, 31] . Another study found high plasma leptin levels in obese humans [32] , suggesting release of leptin from the adipose tissue in relation to adiposity. Furthermore, in a study by Al-Daghri and colleagues, a positive relation was found between leptin and selected anthropometric measurements of obesity in non-diabetic Saudi subjects [33] .
The profile of amino acids is required for the diag-
